In this study, the efficiency of materials available for free, namely palm kernel oil cake, tyre ash, wood ash and powdered cocoa shell, as conductive backfill for reducing earth electrode resistance was evaluated. Earth rod of 30-cm length and 14-mm diameter was installed for each backfilling material at a site and their performance compared with that of a reference earth rod also installed at the same site. The results show that tyre ash provides a stable earth electrode resistance in both dry and wet weather conditions and improves it to about 16%.
INTRODUCTION
Earthing is used in electrical systems to ensure personnel and equipment safety. Low earth resistance is essential to meet electrical safety standards.The resistance value can vary from 10 ohms for lightning protection to below 0.1 ohm for many sites where protective devices must operate in a very short time due to large fault currents involved (Reeves, 1990) . When a driven rod is used as earth electrode, low earth electrode resistance is achieved in practice by using deep driven rods, or by using rods with increased diameter or with multiple rods. Low earth electrode resistance can also be achieved in practice by using chemical compounds or soil of lower resistivity as earth electrode backfill (Reeves, 1990 , Carpenter et al, 1997 .
The use of chemical compounds as earth electrode backfill provides a very effective method of dealing with high resistivity soil. It can give improvement in earth electrode resistance values up to 20% (Reeves, 1990) . In Ghana, it is common practice to use materials available for free instead of commercial chemical compounds as electrode backfill.
In this study, the efficiency of four materials commonly used as conductive backfill for lowering earth electrode resistance was investigated. The materials are palm kernel oil cake (PKOC), tyre ash, powdered cocoa shells (PCS) and wood ash. Results show that application of tyre ash as a conductive backfill can lower ground resistance by about 84% as obtained with commercial chemical compounds.
Methodology
Earth rod of 30-cm length and 14-mm diameter was installed for each backfilling material at a site. A study has shown that it suffices to limit the backfilling material to a critical resistance area very close to the ground rods (Okyere et al, 2006) . The radius of the area referred to as critical resistance radius has been found to be about 40% of the length of the driven rod (Okyere et al, 2006) . This critical area resistance method was applied in the backfilling of the driven rods. Earth resistance of each electrode was measured for a period of three months using the DET5/4R Digital Earth Tester. For the purpose of comparison, an earth rod without a conductive backfill termed reference electrode was also installed at the site. Additionally, laboratory analysis was performed on samples of the materials at the Soil Research Institute in Kumasi to determine their pH levels and water-holding capacities.
RESULTS AND DISCUSSION
The earth electrode resistances measured on a number of days spanning a period of three months are presented in Figures 1(a) and 1 (b). th January, 2009 some of which were exceptionally high and for that matter needed to be separated from the rest and drawn with a larger scale factor. The results of the laboratory analysis on the materials are given in Table 1 . Earth electrode resistance is much influenced by the moisture content of soil. Therefore the rainfall during the period of investigation became of interest. Figure 2 shows the rainfall recorded from 1 st October, 2008 to 4 th January, 2008 by a weather station on Kwame Nkrumah University campus close to the experimental site.
The tyre ash was observed to have provided the lowest and most stable resistance during the entire period. Figure 3 shows the variation of the resistance with time. The reading taken on a day is expressed as percentage of the resistance of the reference electrode taken on the same day. The tyre ash is found to have given improvement in earth electrode resistance value up to about 16% in the wet season and further improvement of about 8% in the dry season. The palm kernel oil cake and the powdered cocoa shell offered significant reduction from10 th October through 14 th November when there were a number of light and moderate rains. However from 22 nd November, 2008 through 4 th January, 2009 when the dry season set in, their resistances became very unstable, falling when there were light rains and soaring when there were no rains. There were days as shown in Figure 1 .b when they produced resistance values many times greater than that of the reference electrode. These materials shown to have high water-holding capacity are found to be effective in wet weather conditions and ineffective in very dry weather conditions. The wood ash, though relatively more stable, was also ineffective in the dry weather conditions. These three materials, namely, tyre ash, palm kernel oil cake and powdered cocoa shell could be of interest where earth electrode could be installed deep enough to reach the water table.
Soils have a pH range of 5-8 (Corrosionsource.com, 2009 ). The pH level of the tyre ash is found to be within this range. In this range, pH is generally not considered to be the dominant variable affecting corrosion rates. The pH levels of the three other backfilling materials, wood ash, powdered cocoa shell and palm kernel oil cake are very close although they are outside the pH range of 5-8. 
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CONCLUSION
The efficiency of palm kernel oil cake, tyre ash, wood ash and powdered cocoa shells commonly used as conductive backfill for reducing earth electrode resistance in Ghana has been investigated. The study has revealed that the use of palm kernel oil cake, wood ash and powdered cocoa shells as backfills can result in low earth electrode resistance in the wet season but extremely high earth resistance in the dry season. The tyre ash on the other hand is effective in both wet and dry conditions. It can give improvement in earth electrode resistance up to 16%. The tyre ash also has a pH level of 6.22, which falls within the range of the pH of natural soil. Therefore, it is unlikely to cause damage to electrodes by corrosion.
